The teleportation of an unknown polarization state of one of the photons in a system of identical particles has been considered. It has been shown that spatial degrees of freedom, which are various directions of the momentum of three photons, are of significant importance for teleportation in the system of identical particles. The inclusion of the spatial degrees of freedom increases the dimension of single-particle state space. In view of this increase, a four-dimensional subspace of two-particle states, which is similar to the state space spanned by the Bell states in a system of two distinguishable qubits, can be separated in the experimental configuration.
I. TELEPORTATION IN A SYSTEM OF DISTINGUISHABLE PARTICLES
The process of teleportation of qubits (two-level quantum systems) was initially formulated in [2] for distinguishable particles. Subsequent experiments on the teleportation of a state with an unknown polarization were performed with photons, which are identical particles [4, 5] . It is easy to understand that teleportation in a system of three identical qubits is impossible, because the dimension of the state space of two distinguishable qubits is four, whereas the dimension of the state space of two identical qubits is three due to symmetrization. Up to date it is often stated that teleportation is impossible and that the teleportation scheme for distinguishable particles [2] is not directly applicable to the real situation with identical particles [4, 5] and, hence, the interpretation of the experimental observations [4, 5] is incorrect, because it involves the results for distinguishable particles.
It was stated earlier that the identity of particles is insignificant in the teleportation process [6] , but no clear explanation of this statement has been given as far as we know. Below, we consider the teleportation of the unknown polarization state for identical photons, which corresponds to the experimental situation in [4, 5] . It will be shown that the identity of the particles does not prevent teleportation. However, in experimental situation, in addition to the polarization degrees of freedom, the spatial degrees of freedom, which are three different directions of photon momentum, are of significant importance. As a result, the dimension of the space of two-particle states symmetrized with respect to permutations of particles is 10. The experimental procedure of preparing the EPR pair is such that momenta of particles in the EPR pair differ in magnitude or direction. It is possible to select a four-dimensional subspace of the 10-dimensional space where the symmetric two-particle states are similar to the basis Bell states in the space of two distinguishable particles. As a result, the teleportation process is completely equivalent to the teleportation process in the system of three distinguishable particles. The only formal difference is that for distinguishable particles, the unknown state is transferred (see below) from the third particle to the second, whereas in the system of identical particles, it is impossible to indicate the particle to which the unknown quantum state is transferred. Since the particles are indistinguishable, this circumstance is of no physical significance. * Electronic address: straups@yandex.ru For comparison and completeness of presentation, we first present the teleportation scheme of the unknown qubit state for distinguishable particles [2] . The entangled state of two distinguishable qubits has the form
where , |0 1,2 , |1 1,2 ∈ H 1,2 are the orthonormalized basis vectors for distinguishable particles 1 and 2 in corresponding two-dimensional single particle state spaces H 1,2 . Let the unknown quantum state of the third particle to be teleported have the form
The total state of three different particles is
The teleportation process is reduced to the joint measurement of particles 1 and 3 in an entangled basis. Any quantum mechanical measurement is described by the decomposition of unity in a certain space of states, in our case, in H 3 ⊗ H 2 ⊗ H 1 ,
The remarkable observation made in [2] is that the joint state of three particles may be decomposed as
The measurement specified by Eq. (4) of state (3) gives four equiprobable outcomes corresponding to projections on two-particle entangled states. After the measurement, the state of the second particle coincides with one of the following states, depending on the outcome obtained in the measurement:
The enumeration of outcomes 1-4 requires two bits of information. Depending on the outcome of the measurements, two bits are transmitted to the receiver of the teleported state through the classical communication channel in order to perform one of the unitary rotations I, σ z , σ x , σ x σ z for outcomes 1-4, respectively, which are independent of the initial state. After that, the state of the second particle coincides with the initial state of particle 3, which was in unknown state (2).
II. TELEPORTATION IN THE SYSTEM OF IDENTICAL PARTICLES
The scheme of the experiment with identical particles is shown on figure 1 . In addition to the polarization degrees of freedom, the spatial degrees of freedom, i.e., three different momentum directions k 1 , k 2 and k 3 , are involved in the real experiment. The single-particle states are denoted as
Below, the subscript J = iH or J = iV denotes the state with the wave vector k i and basis polarization states H and V . Here, H is the space of single-particle states spanned by single-particle functions (9). The vector of an arbitrary multiparticle state for n = 0, 1, 2... particles can be represented in the form (see, e.g., [7] )
......... (10) Here, the component of the state vector with n photons has the form
where i k in the arguments of the functions denotes the particle number and the n-particle permutation is
Let the unknown single-particle quantum state have the form
where subscript (1) means that the state vector refers to the single-particle space. To prepare the entangled state of the EPR pair, parametric down-conversion is usually used in the experiment; as a result, the EPR state is obtained in the form
which is naturally symmetric with respect to permutation of particles. The state vector for three identical particles should be symmetric with respect to permutations of all three particles, i.e.,
One can regroup the terms in (15) so that
In the experiment reported in [5] , the measurements were performed in the complete Bell basis with the use of parametric up-conversion (for details, see [5, 8] ). Any quantum mechanical measurement is formally described by decomposition of unity. For identical particles, the operators in Sym{H ⊗2 }, implementing the decomposition of unity, should be symmetric with respect to permutations of particles; i.e.,
Here, I
⊥Bell Sym{H ⊗2 } is the identity operator in the subspace spanned by the vectors orthogonal to the Bell states
Note that the states specified by Eqs. (18) and (19) are the sum or difference of two terms symmetric with respect to permutation of particles and do not change their sign under permutation of particles in contrast to the states |Ψ − 13 and |Φ − 13 in Eqs. (5) for distinguishable particles, which are antisymmetric with respect to the permutation of qubits 1 and 3.
The measurements in the experiment reported in [5] provide outcomes only in four channels corresponding to projections on Bell states in Eq. (17).
The single-particle states after the measurements have the form
Since the particles are indistinguishable (the particle subscript in the summand is dummy), the singleparticle states given by Eqs. (20)and (21) can be represented in the form
Further, depending on the outcome, similar to the case of distinguishable particles, the unitary rotation of the state occurs in Eqs. (20) and (21). After such a rotation, the teleported state coincides with the initial unknown state given by Eq. (13).
III. CONCLUSION
To summarize, teleportation in the system of identical particles exists and is similar to teleportation for distinguishable particles. This is possible, because in experimental situation the spatial degrees of freedom, which are three different directions of the photon momentum, are of significant importance, in addition to the polarization degrees of freedom. As a result, the dimension of two-particle state space symmetrized with respect to permutations of particles is 10. Only the four-dimensional subspace of the total 10-dimensional space of states is involved in the experiment; the symmetric two-particle states in this subspace are similar to the basis Bell states in the space of two distinguishable particles. As a result, the teleportation process is physically equivalent to the teleportation process in the system of three distinguishable particles. Note again that teleportation in the system of three identical qubits disregarding the spatial degrees of freedom is impossible, because the dimension of the two-particle state space is three, rather than four, like for distinguishable qubits.
